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NC-ND license (http://creativecommoBackground: Nasal continuous positive airway pressure (NCPAP) therapy is widely used in neo-
nates, but the clinical practice varies. However, nursing practice differs among individuals,
and an inappropriate application method may delay the respiratory therapy, influence the
beneficial effect of NCPAP, and increase complications. We introduced a quality improvement
project to expedite the application of NCPAP therapy and decrease the incidence of nasal
trauma.
Methods: A new strategy of mobile NCPAP cart with prepacked fixation kits and a written pro-
tocol was implemented from April 2006. All medical staff answered a questionnaire to assess
their basic knowledge before and after intensive training. The records of the patients who
were treated with NCPAP from October 2005 to November 2006 were reviewed.
Results: Fifty-nine medical staff were involved in the project, and their mean score for the
questionnaire improved from 69.2 points to 98.3 points after training. From October 2005 to
November 2006, 113 infants were recruited in total and 82 of them were admitted after the
protocol was implemented. The NCPAP cart dramatically shortened the preparation time (from
520 seconds to 72 seconds) and the application time (from 468 seconds to 200 seconds). The
use of the nursing protocol significantly decreased the incidence of nasal trauma in the study
population (45.2% vs. 19.6%, pZ 0.006), but not in infants with a birth weight of < 1000 g. Risk
factors for nasal skin trauma included lower gestational age and birth weight, longer duration
of NCPAP use, and lack of standardized nursing care.of Pediatrics, National Taiwan University Children Hospital and National Taiwan University College of
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of nasal trauma in infants, except for those with an extremely low birth weight.
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Nasal continuous positive airway pressure (NCPAP) is the
most common method of respiratory support in neonatal
intensive care units (NICUs). Several multicenter random-
ized controlled trials demonstrated that NCPAP was an
effective alternative for preterm infants as initial respira-
tory management.1e3 Early application of NCPAP, within
5e15 minutes after birth, can reduce the need for intuba-
tion, mechanical ventilation, and surfactant use in preterm
infants with respiratory distress.1e4 The American Academy
of Pediatrics recently recommended that using NCPAP
immediately after birth with subsequent selective surfac-
tant administration may be considered as an alternative to
routine intubation with prophylactic or early surfactant
administration in preterm infants.5
Although an early application of NCPAP is beneficial to
infants with respiratory distress, there are only a few
documented protocols addressing the practical setup pro-
cess step by step, especially in preterm infants.6,7 Nursing
practice varies among NICUs and individuals, and an inap-
propriate application method may delay the respiratory
therapy, influence the beneficial effect of NCPAP, and in-
crease complications. To improve the care quality of NCPAP
therapy in infants with respiratory distress, we introduced a
quality improvement project conducted by a team
including neonatologists, nursing staff, pediatric residents,
and respiratory therapists. The major aims were to develop
a written NCPAP nursing protocol, reduce unwanted varia-
tion in clinical care, shorten the NCPAP set time, increase
patient comfort during NCPAP therapy, and decrease the
incidence of complications, especially nasal trauma.
2. Methods
2.1. NCPAP therapy
Our hospital is a 2000-bed teaching facility providing ter-
tiary care in northern Taiwan. It has a Level III NICU with a
total of 25 beds. From October 2005 to November 2006,
there were 369 admissions to the NICU. Around 177 (48%)
patients were admitted due to respiratory distress, and in
66% of them NCPAP was used for respiratory support. NCPAP
therapy has been used in our NICU since 1989, and it has
been the first-line therapy for all infants with respiratory
distress requiring postextubation support. Both ventilator
and bubble NCPAP were used, but only ventilator NCPAP
(Infant Star 500; Infrasonics Inc., San Diego, CA, USA, or
Babylog 8000; Drager, Lubeck, Germany) was used as initial
respiratory support. The flow ranged from 5 L/min to 10 L/Chen C-Y, et al., Quality Improv
rics and Neonatology (2016), httpmin, and the positive end-expiratory pressure setting was
kept at 5 cmH2O.
2.2. Training
Basic knowledge of NCPAP among medical staff is associ-
ated with the successful application of early NCPAP ther-
apy. All medical staff in our NICU, including nurses,
neonatologists, pediatric residents, and respiratory thera-
peutics, were asked to complete a questionnaire to assess
their basic knowledge about indications, mechanism,
application, settings, contraindications, and complications.
After the first evaluation, lectures and small group discus-
sion were introduced to improve knowledge and increase
communication among the medical staff. After the classes,
the staff answered the questionnaire again.
2.3. Equipment preparation
Binasal Hudson prongs (Hudson Respiratory Care, Inc.,
Temecah, CA, USA) were the only type of prongs used, with
size 0 fitting infants weighing < 700 g and size 5 fitting in-
fants weighing > 3500 g.6 To optimize the NCPAP delivery,
prongs of the correct size should be chosen for each infant
and secured properly. In addition to the prongs, other
equipment must be prepared and assembled before appli-
cation, including a snug, a fitting hat, Velcro, DuoDerm, and
a tape. The Velcro and DuoDerm need to be clipped to the
proper shape and size before use. All equipment was usu-
ally stored in stacks in the NICU, which had to be delivered
to the bedside when NCPAP therapy was indicated. Prepa-
ration of prongs and securing staff took time, and increased
the risk of using the wrong size equipment or having inap-
propriate securing. Thus, we developed a mobile NCPAP
cart with different sizes of NCPAP fixation kits, which were
prepared according to body weights (Figure 1). Five layers
and 10 drawers were located on the top of the working cart.
Each layer was designed for prongs of a particular size
(ranging from size 0 to 4; size 5 is seldom used in the NICU),
with easily identifiable labels. The left drawers stored
three packages of NCPAP fixation kits (Figure 1A). The right
drawers stored the precut DuoDerm and Velcro (Figure 1B).
The main drawer of the cart stored other equipment
required during the setup of NCPAP, such as tape, scissors,
saline, swab, and extra uncut DuoDerm and Velcro. The
different sizes of tubes were placed at the bottom of the
cart, and a clamp for fixation of the tube hung over the side
of the cart. The movable cart was designed to be trans-
ferred quickly to the bedside, to shorten the preparation
time and decrease the frequency of delivering wrongly
sized kits to patients requiring NCPAP therapy. Theement of Nasal Continuous Positive Airway Pressure Therapy in
://dx.doi.org/10.1016/j.pedneo.2016.04.005
Figure 1 Mobile NCPAP cart with different sizes of NCPAP fixation kits. (A) All of the components of one NCPAP kit, including a
hydrocolloid patch, Velcro, one suitable cap, and a nasal prong. (B) Precut DuoDerm patches required for nasal prong sealing and
fixation. The patch and holes were designed according to different body weights and prong sizes. (C) Mobile NCPAP cart.
NCPAP Z nasal continuous positive airway pressure.
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equipment to all equipment being assembled correctly, was
measured and recorded by research nurses before and after
the NCPAP cart implementation.
2.4. Written nursing protocol
To shorten the application duration of NCPAP, a written
NCPAP nursing protocol was implemented in our NICU from
March 2006 (Table 1 and Figure 2). The protocol was
modified from the protocol of Morgan Stanley Children’s
Hospital, New York, NY, USA, and it was introduced to
medical and nursing staff in a clearly written document
with easy-to-understand figures. The major points of the
protocol are the use of nasal prongs of appropriate size and
a structured method of fixation to increase the stability of
nasal prongs in position. After April 2006, all patients
admitted to the NICU and treated with NCPAP received this
standard nursing care. The application duration, from the
beginning of the application of nasal prongs to the correct
positioning of patients and start of NCPAP therapy, was
measured and recorded by research nurses before and after
nursing protocol implementation.
2.5. Evaluation of nasal trauma
Care for nasal trauma was also standardized. The nursing
staff examined the nasal cavity of infants who received
NCPAP therapy every shift and recorded any significant
change. If bleeding of the nasal mucosa was noted, un-
necessary suctioning was prohibited to reduce mucosal
injury, and topical antibiotic ointment was applied to thePlease cite this article in press as: Chen C-Y, et al., Quality Improv
Neonatal Intensive Care Unit, Pediatrics and Neonatology (2016), httpdamaged area. If persistent hyperemia of the intact septal
skin developed, the first step was to check the pressure
source and remove it, if possible. If the condition deterio-
rated to an epidermal ulcer with abrasion, irrigation with
sterile saline followed by hydrocolloid dressing was per-
formed. If the condition deteriorated to a necrotic ulcer, a
plastic surgeon would be consulted for further treatment.2.6. Statistical analysis
The data were classified into pre- and postprotocol groups
for comparison. Categorical variables were analyzed by the
Chi-square or Fisher’s exact tests. Student t test was used
to analyze continuous variables with normal distribution,
and the ManneWhitney U test for continuous variables with
skewed distribution. Logistic regression was carried out to
determine the risk factors for nasal trauma (duration of use
of NCPAP, NICU stay, and structured nursing protocol)
identified by univariate analysis with p < 0.05 as indepen-
dent variables. The potential confounders considered in the
logistic regression were infant sex, parity, gestational age,
and birth weight. SPSS version 12.0 (SPSS Inc., Chicago, IL,
USA) was used for data manipulation and statistical anal-
ysis. All tests were two tailed, and the significance
threshold was fixed at 0.05.3. Results
During the quality improvement project, a total of 59
medical staff in the NICU were involved. Although NCPAP
therapy was the routine care in our NICU for > 15 years, theement of Nasal Continuous Positive Airway Pressure Therapy in
://dx.doi.org/10.1016/j.pedneo.2016.04.005
Figure 2 Step-by-step illustration of the installation of nasal continuous positive airway pressure therapy.
Table 1 Structured nursing protocol for nasal continuous positive airway pressure therapy.
1. Installation
(i) Monitor the heart rate, oxygen saturation, and respiratory rate.
(ii) Move the NCPAP cart to bedside; wash hands.
(iii) Choose nasal prongs of the appropriate size according to body weight: No. 0 for 700 g, No. 1 for 700e1250 g, No. 2 for
1250e2000 g, No. 3 for 2000e3000 g, and No. 4 for >3000g.
(iv) Take the NCPAP fixation kit of the chosen size, precut Velcro and DuoDerm; assemble properly.
(v) Suction airway before application if necessary.
(vi) Use swab with sterile saline to gently clean and moisten nasal cavities.
(vii) Put on the hat.
(viii) Moisten the nasal prongs thoroughly with lubricant, and then place them curved side down into the infant’s nose. The
clipped DuoDerm should stay closely between the nasal prong and the nares.
(ix) Keep a small space between the tip of the septum and the bridge between the prongs (around 0.2e0.3 cm).
(x) Attach the prongs to the tubing & secure tubing to the hat with paper tape.
(xi) Fix the tubing straight through incubator porthole by clamp to prevent stretching.
2. Maintenance
(i) Check the oxygen and ventilator setting. If respiratory condition is stable, wean patients from NCPAP to nasal cannula as
tolerated.
(ii) Be gentle and avoid unnecessary airway suction. The suction pressure should be 80e100 mmHg.
(iii) Avoid excessive flexion, extension, or rotation of the head and neck; check the position and nasal prongs every hour
without
stretching the skin or putting undue pressure on the nares.
(iv) Remove DuoDerm in the morning during bathing and assess the nasal skin integrity closely.
(v) If air leak is noted, check for any dislodgement in tubing or adjust the position of the prongs first; may try to keep a
pacifier in the mouth to close the mouth. In case of persistent air leak, use an elastic chin strap to keep the chin in position.
NCPAP Z nasal continuous positive airway pressure.
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NCPAP education was only 69.2 points. Inaccurate knowl-
edge was most frequently encountered in cases of choosing
nasal prongs of the correct size (54.3% error), setting of
NCPAP (38.6% error), and possible complications (38.6%
error). After serial education classes including lectures and
small group discussions, the repeated test 2 months later
revealed that the mean scores increased to 98.3 points. The
basic knowledge of NCPAP among medical staff could
greatly be improved by formal education classes.
From October 2005 to November 2006, NCPAP therapy
was initiated in a total of 113 infants during daytime.
Eighty-one of them (71.7%) received NCPAP therapy within
24 hours of birth, and the most common diagnoses were
respiratory distress syndrome (21.2%), transient tachypnea
of the newborn (14.2%), infection or sepsis (13.3%), and
perinatal aspiration syndrome (9.7%). The others (N Z 32,
28.3%) received NCPAP as postextubation support. Of the
113 infants, 31 were enrolled before the implementation of
the structured nursing protocol and were in the preprotocol
group, and 82 were in the postprotocol group. Clinical
characteristics of the pre- and postprotocol groups are
shown in Table 2. There was no statistically significant
difference in sex, body weight, gestational age, Apgar
score, duration of NICU stay, or delivery method between
the groups. The frequency of nasal trauma decreased
significantly in the postprotocol group (45.2% vs. 19.6%,
p Z 0.006).
To evaluate the effect of the mobile NCPAP cart and
structured nursing protocol in NCPAP setup, the durations
of preparation and application of NCPAP therapy were
measured. From January 2006 to March 2006, 17 episodes
were measured before protocol implementation. The mean
durations were 520 seconds for preparation and 468 sec-
onds for application. Most of this time was spent on gath-
ering required materials at the bedside, and cutting
DuoDerm and Velcro to an appropriate size and shape. In
the majority of the patients, appropriate NCPAP support
was initiated more than 15 minutes after the decision of
therapy was made. After the NCPAP cart and written
nursing protocol were implemented in April 2006, 38Table 2 Clinical characteristics and incidence of nasal
trauma in infants who received NCPAP therapy.
Preprotocol
group
(n Z 31)
Postprotocol
group
(n Z 82)
p
Male 22 (80.0) 54 (65.9) 0.6
Birth weight (g) 1930.1  928.0 1884.3  884.1 0.8
Gestational age (wk) 32.4  4.9 32.2  4.6 0.81
Apgar score at 1 min 6.5 (5e8) 8 (7e9) 0.88
Apgar score at 5 min 7 (7e8) 9 (8e9) 0.83
NICU stay (d) 33.4  38.9 25.6  25.6 0.21
Vaginal delivery 6 (19.4) 23 (28.0) 0.34
Nasal trauma 14 (45.2) 16 (19.6) 0.006
Data are presented as n (%), n (range), mean  standard devi-
ation.
NCPAP Z nasal continuous positive airway pressure;
NICU Z neonatal intensive care unit.
Please cite this article in press as: Chen C-Y, et al., Quality Improv
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in the first 4 months. The mean duration of time required
for completing the preparation dramatically decreased to
72 seconds, and that for application also reduced to
200 seconds. Another 16 episodes were recorded
6e8 months after implementation to evaluate the mainte-
nance effect. The mean durations for preparation and
application were even shorter at 62 seconds and 172 sec-
onds, respectively. The new strategy of a NCPAP cart
improved the efficacy when setting up NCPAP therapy.
Complications in the subgroups of extremely low birth
weight (ELBW) infants (birth weight < 1000 g) and non-
ELBW infants (birth weight  1000 g) are shown in Table 3.
The incidence of nasal hyperemia was significantly
decreased in non-ELBW infants, but this was not true of
nasal bleeding and ulceration. More latent nasal trauma
was discovered in the subgroup of ELBW infants (average,
13.1  7.1 days after the application of NCPAP) than non-
ELBW infants (9.7  7.1 days). Recovery from trauma was
also quicker in larger infants (4.6  3.1 days vs.
2.1  1.0 days). In the pre- and postprotocol groups, there
was no difference in the interval between trauma and
application of NCPAP, and the recovery time.
By univariate analysis, the potential risk factors of nasal
trauma included gestational age, birth weight, duration of
NICU stay, and lack of use of the structured NCPAP nursing
protocol (Table 4). Logistic regression analysis showed the
most significant risk factors for nasal trauma were duration
of NCPAP use (odds ratio: 1.08, 95% confidence interval:
1.01e1.15, pZ 0.04) and the lack of use of the structured
nursing protocol (odds ratio: 0.09, 95% confidence interval:
0.01e0.77, p Z 0.03).4. Discussion
The beneficial effect of early NCPAP therapy for preterm
infants has been demonstrated in a number of multicenter
randomized control trials,1e3,5,8e11 and in most of them
NCPAP was initiated within 15 minutes after delivery.
Although it is feasible to start NCPAP in the delivery room,
only a few studies described the practical aspects in
detail.6,12,13 Early stabilization is important when managing
just born preterm infants; thus, how to initiate NCPAP
application successfully within minutes is a key issue. In the
quality improvement report, we shared our new idea of a
mobile NCPAP cart with prepacked NCPAP fixation kits to
shorten the duration of NCPAP setup. The cart could be
moved to the bedside or delivery room quickly with all
required equipment for NCPAP, and the prepared kits saved
the collection time. It is easy and practical, and does not
increase cost. In our experience, the NCPAP cart with
prepacked fixation kits may significantly improve the
application process of NCPAP, initiate respiratory therapy
earlier, and improve outcomes of preterm infants.
Nasal trauma is one of the most common complications
of NCPAP therapy. The incidence ranges from 15% to 60% in
the neonatal population.14e17 Nasal trauma occurred
mainly at the medial aspect of the nostrils where the nasal
prongs or the carrying crossbar exerted pressure on the
nasal septum. Without appropriate care, it could progress
to permanent deformity.15,17e19 In our data, the averageement of Nasal Continuous Positive Airway Pressure Therapy in
://dx.doi.org/10.1016/j.pedneo.2016.04.005
Table 3 Incidence of nasal trauma by birth weight.
<1000 g 1000 g
Preprotocol
(n Z 5)
Postprotocol
(n Z 15)
p Preprotocol
(n Z 26)
Postprotocol
(n Z 67)
p
Nasal trauma 4 (80.0) 8 (53.3) 0.60 10 (38.5) 8 (11.9%) 0.007
Hyperemia 3 (60.0) 7 (46.6) 1.00 7 (26.9) 5 (7.4%) 0.03
Bleeding 2 (40.0) 4 (26.6) 0.61 3 (11.5) 3 (4.4%) 0.34
Ulceration 0 (0.0) 0 (0.0) d 1 (3.8) 0 (0.0%) 0.28
Days after NCPAP 23.7  21.7 13.1  7.1 0.21 7.1  11.8 9.7  7.1 0.71
Duration (d) 3.0  1.6 4.6  3.1 0.36 2.3  1.4 2.1  1.0 0.81
Data are presented as n (%) or mean  standard deviation.
NCPAP Z nasal continuous positive airway pressure.
Table 4 Comparison of risk factors for nasal trauma after continuous positive airway pressure.*
Trauma No trauma p Adjusted odds ratio
(n Z 30) (n Z 83) (95% CI)
Gestational age (wk) 29.7  4.3 33.1  4.5 0.001 d
Birth weight (g) 1449.3  776.0 2058.7  880.4 0.006 d
Nursing protocol 16 (53.3) 66 (79.5) 0.006 0.29 (0.01e0.77)
Smaller prong sizey 17 (56.7) 41 (49.4) 0.53 2.40 (0.39e14.15)
NICU stay (d) 45.7  34.2 21.3  25.3 0.001 0.99 (0.94e1.04)
Duration of NCPAP (d) 37.4  16.0 9.2  12.9 0.002 1.06 (1.01e1.15)
Data are presented as n (%) or mean  standard deviation.
CI Z confidence interval; NCPAP Z nasal continuous positive airway pressure; NICU Z neonatal intensive care unit.
* Logistic regression adjusted by birth weight and gestational age.
y The reference is according to the sizing chart of the Hudson RCI system.
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19.6%, and no nasal deformity developed. Interventions to
reduce compression pressure by nasal prongs are of primary
importance. Some studies suggest the use of nasal dressings
with the aim of minimizing nasal trauma.14,15,20 The addi-
tion of a hydrocolloid patch with two small holes could
provide a better seal to prevent leakage, and it protected
the nose from direct friction with nasal prongs. However,
one recent study demonstrated that the use of protective
dressings was not associated with decreased nasal trauma
for infants on NCPAP.21 The most important issue was a
stable fixation method. In our experience, implementation
of a written protocol standardized and improved NCPAP
practice, therefore decreasing the incidence of nasal
trauma, except in the group of ELBW patients. Premature
infants have immature skin and often require respiratory
support for longer periods, both of which increase the risk
for nasal trauma. The patients who developed nasal trauma
during the study period tended to have smaller gestational
age and birth weight; this finding was compatible with
those of the reported studies.15 Preventing nasal trauma
during NCPAP therapy is still one of the biggest challenges,
especially in ELBW patients.
There are some limitations in the interpretation of the
current data. Since the researchers and medical staff of
this study were not blinded, observation bias might have
influenced the estimation. The incidence of nasal trauma
might be overestimated, especially for mild nasal hyper-
emia in smaller babies. This may partly explain thePlease cite this article in press as: Chen C-Y, et al., Quality Improv
Neonatal Intensive Care Unit, Pediatrics and Neonatology (2016), httprelatively high incidence of nasal hyperemia in infants with
a birth weight of < 1000 g, and it may account for why
there was no significant improvement of nasal trauma after
implementation of the protocol. Under the same bias,
preparation and application durations may have been
underestimated since the staff were more familiar with the
process of initiation of NCPAP therapy. The surveillance of
research nurses during the study period also facilitated the
application of NCPAP, which may further influence the ef-
fect of protocol implementation. The actual effect of the
protocol and mobile cart could be evaluated during the
follow-up period. The rate of nasal trauma and the dura-
tions of preparation and application remained low when re-
evaluation was performed 6e8 months after the study
period, and the system still functioned well thereafter.
Thus, the mobile cart with a well-written protocol could
improve the quality of NCPAP therapy.5. Conclusion
The mobile NCPAP cart with prepacked fixation kits is an
inexpensive and practical way to improve the efficacy of
NCPAP therapy. A written nursing protocol could decrease
the incidence of nasal trauma in infants admitted to the
NICU, except for those with a lower birth weight. The
required durations of preparation and application were
made shorter and the incidence of nasal skin trauma was
reduced by standardized nursing care. Smaller gestationalement of Nasal Continuous Positive Airway Pressure Therapy in
://dx.doi.org/10.1016/j.pedneo.2016.04.005
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remained the major risk factors for the development of
nasal skin trauma.
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